ABSTRACT. To evaluate whether oocytes excluded from somatic cell nuclear transfer (SCNT) could be utilized for embryo production by parthenogenetic activation (PA), porcine oocytes with poor morphology after maturation culture were excluded from SCNT and subsequently used for PA with different stimuli. In the first set of experiment, either electric pulse of different strengths (1.75, 2.0 or 2.25 kV/cm for 30 µsec each) or chemicals with different treatment durations [7% ethanol for 5 min followed by exposure to 6-dimethylaminopurine (6-DMAP) for 0, 2, 3 or 4 hr] was employed. Development to the 8-cell and morula stages was significantly (P<0.05) improved by electric stimulation of 2.0 kV/cm, while blastocyst formation was enhanced by chemical treatment of ethanol and 6-DMAP for 4 hr. Subsequently, oocytes were parthenogenetically activated by one of four stimuli; 1) optimal electric (2.0 kV/cm for 30 µsec), 2) optimal chemical (ethanol followed by 6-DMAP for 4 hr), 3) electric then chemical and 4) vice versa. On the other hand, oocytes with normal morphology were subjected to the same experimental treatments for the control. Regardless of oocyte type, a combination of electric and chemical stimulations did not further stimulate preimplantation development, compared with electric activation only. However, combinational treatment greatly increased the cell number of blastocysts in SCNT-excluded oocytes (21.9 to 22.9 vs. 16.9 cells/blastocyst), while such effect was not found in normal oocytes (22.2 to 23.3 cells/blastocyst). In conclusion, porcine oocytes excluded from SCNT still have a potential to develop blastocysts after PA and this might contribute to increasing the efficiency of SCNT for variou s purposes. A combined activation by electricity and chemical yielded the best rate of preimplantation development with increasing the quality of blastocyst. KEY WORDS: in vitro-matured oocyte, normality, parthenogenesis, porcine, preimplantation development.
Production of clone and transgenic pig by somatic cell nuclear transfer (SCNT) has an unlimited value for developing peer biotechnology and medical treatment [14, 16] . Various efforts have been made to establish an optimal SCNT technology for large production of transferable blastocysts [25] and live offsprings were recently produced by transfer of embryos cloned with different somatic cells [1, 11, 13] . For producing clone embryos, only oocytes with excellent morphology after in vitro maturation (IVM) culture have been provided for SCNT. However, the rate of blastocyst formation after SCNT was extremely low, and this absolutely limited applicability of SCNT for both industrial and research purposes.
In our preliminary results (data not shown), it appeared that oocytes with poor morphology were still developmentally-competent, as seen that considerable number of the oocytes develops to various developmental stages after in vitro fertilization (IVF). Accordingly, it might be possible that more blastocysts could be produced by other treatment of SCNT-excluded oocytes with poor morphology. If so, it might contribute to improving SCNT-embryo transfer (ET) efficiency or supporting various biologically prospective studies in the field of embryo biotechnology. From this viewpoint, this study was designed to examine whether porcine oocytes excluded from SCNT could develop to the blastocyst stage following parthenogenetic activation (PA). Either electricity of different electric strengths or chemicals with different treatment durations was employed for PA. It was subsequently evaluated whether a combination of electric and chemical stimulation can further promote blastocyst formation of SCNT-excluded oocytes and morphologically normal oocytes were also provided as a control treatment.
MATERIALS AND METHODS

Preparation of oocytes:
Ovaries were obtained from prepubertal gilts at a local abattoir and transported to the laboratory in physiological saline at 30 to 35°C. Antral follicles 3 to 6 mm in diameter were aspirated using an 18-gauge needle attached to a 5-ml disposable syringe. Cumulusoocyte complexes (COCs) with compact cumulus cells were collected from the aspirate and washed several times in Hepes-buffered tissue culture medium (TCM)-199 (Life Technologies, Rockville, MD). COCs were then placed in IVM medium (Earle's salts-and L-glutamine-containing TCM-199 supplemented with 26.2 mM NaHCO 3 , 3.05 mM glucose, 0.91 mM sodium pyruvate, 0.57 mM L-cysteine, 75 mg/l kanamycin, 10 IU/ml equine chorionic gonadotropin (eCG, Sigma-Aldrich Co., St. Louis, MO), 10 IU/ml hCG (Sigma-Aldrich Co.), and 10% (v/v) porcine follicular fluid (pFF). pFF was aspirated from superficial antral follicles 8 to 10 mm in diameter from prepubertal gilts. After centrifugation at 1,600 × g for 30 min, supernatant was collected and filtered through 1.2 µm and 0.45 µm syringe filters (Gelman Sciences, Ann Arbor, MI). Prepared pFF was then stored at -20°C until use.
A group of 50 COCs was cultured in 500-µl IVM medium at 39°C in a humidified atmosphere of 5% CO 2 and 95% air. After culturing for 22 hr, COCs were transferred to eCG-and hCG-free IVM medium and cultured further for 24 hr. At the end of the culture, oocytes were freed from cumulus cells by repeated pipetting in IVM medium containing 0.5 mg/ml hyaluronidase. Oocytes with a first polar body, intact zona pellucida, evenly granulated cytoplasm, expanded cumulus cells and distinct ooplasmic membrane were provided for SCNT of other studies, and some were provided for the control experiment of this study. Only oocytes excluded from these criteria were provided for this experiment, but oocytes with cracked zona pellucida or degenerated cytoplasm were excluded from this study.
Parthenogenetic activation of oocytes: For electric activation, oocytes were placed in 0.3 M mannitol solution supplemented with 0.5 mM Hepes, 0.1 mM CaCl 2 and 0.1 mM MgCl 2 for 4 min and subsequently transferred to a chamber consisting of two electrodes 1 mm apart overlaid with activation solution (0.3 M mannitol solution containing 0.5 mM Hepes, 0.1 mM CaCl 2 and 0.1 mM MgCl 2 ). A single DC pulse of 1.75, 2 or 2.25 kV/cm for 30 µsec was given for the activation using a BTX Electro-cell Manipulator 2001 (BTX, Inc., San Diego, CA). In the case of chemical activation, oocytes were exposed to 7% (v/v) ethanol for 5 min in Hepes-buffered North Carolina State University (NCSU)-23 medium [12] . Oocytes were then placed in NCSU-23 supplemented with 6-dimethylaminopurine (DMAP) for 0, 2, 3 or 4 hr.
In vitro culture after parthenogenetic activation: A group of 5 to 7 parthenogenetically-activated oocytes were cultured in 25-µl droplet containing NCSU-23 supplemented with 4 mg/ml fatty acid-free BSA (A-6003, Sigma-Aldrich Co., St. Louis, MO). At 96 hr after culture, 10% (v/v) of fetal bovine serum (FBS, Life Technologies) was added to the culture medium and oocytes were cultured further for 168 hr at 39°C in a humidified atmosphere of 5% CO 2 , 7% O 2 and 88% N 2 . Development of oocytes to the 2-cell, 4-cell, 8-cell, morula and blastocyst stage was monitored at 48, 72, 96, 144 and 168 hr after culture, respectively. For the examination of pronucleus formation after PA, oocytes were fixed in a 25% (v/v) of aceto-ethanol at least for 48 hr and then stained with 10 mg/ml orcein (Sigma-Aldrich Co.) in 45% (v/v) acetic acid. Pronuclear formation was then assessed using a phase contrast microscope (IX-50, Olympus, Tokyo, Japan). For counting cell number, blastocysts on 7 days after culture were stained with 5 µg/ml bisbenzimide (Hoechst 33342, Sigma-Aldrich Co.) and the number of blastomeres was counted with an inverted microscope equipped with fluorescence apparatus.
Experimental design and statistical analysis:
Electric pulse of different strengths (1.75, 2.0 or 2.25 kV/cm for 30 µsec each; Experiment 1) and chemical treatments with different durations of DMAP exposure (7% ethanol for 5 min followed by 6-DMAP exposure for 0, 2, 3 or 4 hr; Experiment 2) was employed for PA of oocytes. In Experiment 3, oocytes with poor or normal morphology were activated by one of following protocols; an optimal method of 1) electric (2.0 kV/cm for 30 µsec) or 2) chemical stimulation (ethanol followed by 6-DMAP for 4 hr), 3) the optimal electric activation (2.0 kV/cm for 30 µsec) followed by chemical activation (ethanol followed by 6-DMAP for 4 hr) or 4) the optimal chemical activation (ethanol followed by 6-DMAP for 4 hr) followed by electric activation (2.0 kV/cm for 30 µsec). In addition, oocytes with normal morphology were subjected to the same experimental stimulations as control groups. Each experiment was replicated at least 6 times. All oocytes were randomly and evenly allotted to each experimental group. Data from the experiment were analyzed by a general linear model (PROC-GLM) in a SAS 8.01 program [19] . Statistical significance was determined where P value was less than 0.05.
RESULTS
Experiment 1:
A significant model effect was found in the development to the 8-cell (P=0.0002) and morula (P=0.0522) stages. As shown in Table 1 , an electric stimulation using 2.0 kV significantly improved the development compared with other stimulations (43% vs. 23 to 25% in the 8-cell and 29% vs. 18 to 19% in the morula). The levels in other parameters were also increased, but did not make a significant difference among groups.
Experiment 2: Different durations of 6-DMAP exposure greatly affected parthenogenetic development and a significant effect was detected in the development to the 8-cell (P=0.007), morula (P=0.0012) and blastocyst (P=0.0187) stages. As shown in Table 2 , more embryos developed to the 8-cell (14% vs. 4 to 5%), morula (13% vs. 3%) and blastocyst (9% vs. 2 to 3%) stages after 6-DMAP treatment of 4 hr than after 6-DMAP treatment of 0 or 2 hr.
Experiment 3: In SCNT-excluded oocytes, a significant treatment effect was found in all developmental parameters (P<0.0001)( Fig. 1 and Table 3 ). Electric activation and combined treatments of both types yielded better rates of pronuclear formation (88 to 91% vs. 47%), cleavage (55 to 63% vs. 17%), 4-cell (44 to 50% vs. 16%) and 8-cell (41 to 43% vs. 14%) development, morula compaction (11% vs. 29 to 30%) and blastocyst formation (8% vs. 18 to 20%) than chemical activation only. Compared with chemical or electric stimulations, combined treatments of both type further improved the cell number of blastocyst (21.9 to 22.9 cells/blastocyst vs. 10.2 to 16.9 cells/blastocyst). In normal oocytes of the control group, similar pattern was observed and higher rates were detected in the group of electric and combined treatments (90 to 92% vs. 52%, 67 to 70% vs. 27%, 55 to 58% vs. 21%, 48 to 49% vs. 18%, 34 to 35% vs.
15% and 22 to 24% vs. 8% in the pronucleus, 2-cell, 4-cell, 8-cell, morula and blastocyst development, respectively) than the group of chemical activation. However, cell number of blastocysts was not increased after the combined treatments compared with after electric stimulation treatment (22.2 to 23.3 cells/blastocyst). (15) 21 (14) c)
19 (13) c)
14 (9) c)
Model effect of experimental treatments in each parameter was 0.7692, 0.1912, 0.007, 0.0012 and 0.0187 in the development to the 2-cell, 4-cell, 8-cell, morula and blastocyst stages, respectively (P value). Number of parenthesis indicates hours after activation treatments. a) Oocytes were treated with 7% (v/v) ethanol for 5 min followed by exposure to 1.9 mM 6-dimethylaminopurine. b,c) Different superscripts within the same parameter were significantly different, P<0.05. Fig. 1 . Pronuclear formation of porcine oocytes either excluded from somatic cell nuclear transfer (A) or with normal morphology (B) after parthenogenetic activation by optimal methods of chemical and/or electric stimulus. Electric stimulation was made with a single DC pulse of 2.0 kV/cm for 30 µsec, while chemical stimulation with 7% (v/v) ethanol for 5 min followed by exposure to 1.9 mM 6-dimethylaminopurine (DMAP) for 4 hr. Pronuclear formation was examined by staining oocytes with 0.5% (v/w) acetic-orcein at 24 hr after the treatments. A total of 1,000 oocytes were provided for each treatment and a significant (P<0.0001) model effect was found. Different superscripts indicated a significant difference among groups.
DISCUSSION
The results of this study clearly indicated that porcine oocytes with poor morphology, which are excluded from SCNT, still have a competence to develop to the blastocyst stage after being parthenogenetically activated. Selection of activation method, however, is important for subsequent development to the blastocyst formation. Electric stimulation (2.0 kV/cm DC for 30 µsec) or combined treatment of optimal electric (2.0 kV/cm DC for 30 µsec) and chemical (4 hr 6-DMAP exposure) stimulations yielded the highest rate of blastocyst formation and the combined treatments further improved blastocyst quality showing increased number of total blastomeres. Activation of oocytes is important both for producing clone embryos and for inducing parthenogenesis. Two subsequent biological reactions are critical for oocyte activation; oscillation of intracellular calcium concentration and degradation of metaphase promoting factors or their related cell cycle proteins [3, 15, 22] . To date, various stimulants for inducing calcium oscillation or protein synthesis inhibitors have been used for oocyte activation [4, 7, 9, 10, 17] . Our results further demonstrated that an electric stimulation is more effective for PA of porcine oocytes with poor morphology than a chemical stimulation. In SCNT, oocytes with excellent quality were employed only for reconstruction. In the results of this study using SCNT-excluded oocytes and PA system, there was no direct evidence that electric or combined stimulations are more effective for activating porcine clone embryo development than chemical stimulation. However, such possibility was indirectly demonstrated in Experiment 3 using normal oocytes. Shin et al. [20] also reported that combined treatment of electric and chemical stimulations for fusion and activation strongly promoted clone embryo development. Nevertheless, response to artificial stimulation for oocyte activation might be different between morphologically normal and abnormal oocytes, and there is a difference in microenvironment in the cytoplasm [5, 6, 23, 24] . In our study, combined activation treatments did not improve the quality of blastocyst in normal oocytes, while a significant effect was found in SCNTexcluded oocytes (Tables 3 and 4) . Use of oocytes excluded from SCNT for research purpose would become more activated after elucidating different physiological profiles between normal and abnormal oocytes.
In Experiment 3 using normal oocytes (Table 4) , a single electric stimulation is as effective as combined stimulation for promoting blastomere proliferation and preimplantation development, while combined treatment is more efficient than electric or chemical stimulations in SCNT-excluded 35 (14) d)
28 (11) d)
19 (8) oocytes (Table 3) . Probably, PA of oocytes with poor quality by single stimulant is not sufficient for full inducing embryo development. Combined treatment of electric and chemical stimulations can provide a full signal enough to undertake subsequent embryo development. Ruddock et al. [18] reported that frequency and strength of calcium oscillation is important for fully acquiring developmental competence after artificial activation in many species, such as murine [2] , porcine [16, 21] and bovine [8] . On the other hand, it appears that, when electric and chemical stimulations were simultaneously given, the orders in such treatments are not critical for improving blastocyst quality. General rate of IVM was within the range of 70 to 80% in our porcine oocyte culture system. Data from supplementary experiment showed that approximately 30% of oocytes cultured for IVM was excluded from SCNT and significant increase in blastocyst formation was detected when SCNT and PA systems were concomitantly employed for producing transferable blastocysts. Accordingly, an optimal PA method might contribute to developing alternatives for recloning clone and transgenic pigs. Furthermore, large production of blastocysts production from PA could support to improving ET efficacy using clone embryos, as well as accelerate various studies to elucidate mechanism of clone embryo development. All of such feasibility directly contribute to developing an innovative reproduction system for transgenic and clone pig, although it is necessary to further examine the reproduction capability of clone and transgenic pig. Supplement 1. Efficiency of blastocyst formation after combined treatment of somatic cell nuclear transfer a) and/or parthenogenetic activation b) of the optimal condition to oocytes cultured for maturation 46 (22) e)
Model effect of experimental treatments was less than 0.0001 in all parameters (P value). Number of parenthesis indicates hours after activation treatments. a) Only oocytes with normal morphology after culture for maturation were provided. b) Oocytes excluded from somatic cell nuclear transfer were provided. c-e) Values with different superscripts in the same column differ significantly (P<0.05).
